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AIMTRAC’I’

in tliis paper, wc discuss tbe development of very sensitive long wavelength infrared (I ,WJR)

CiaAs/AlxGal  -XAS quantum well infrared photodckxtors  (QWJ f’s), fabrication of random reftcc[ors  for

cfficicnt  light coupling, and the ctcnmnstra(ion  of first l~and-hc]d  kmg-wavelength 256 x 2.56 QW1l’ focal

plane array camera. lixccllcnt imagery, with a noise. equivalent diffcrcntia]  tcmpcraturc (NEA1’)  of 25

mK has km achicvcd.
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1 NTI{OI)UCTION

There arc several apJ}licaticms  lbat require long wavclcnglb, large, uniform, rcJmduciblc,  low

cost, low ]/f noise, low power dissiJ~ation, and radiation hard infrared (If<) focal plane arrays (J;I’As).

lkw cxamJJlc,  the absorption lines of many gas InolIxulcs, such as ozone,  water, carbon monoxide,

carbon dioxide, and nitrous oxide occur in IIIC wavelcngtb region from 3 to 18 pm. Thus, 11< imaging

syskms  tlla[ oJmatc  in (IK long wavelength II< (1 ,WJf{) region (6 - J 8 pm) arc required in many space

apJ~lications SLKA as monitoring global  atmospbcric tcmpcraturc  profiles, relative humidity profi]cs,



cloud  characteristics, and Ihc distribution of minor constitucn[s in (IIC  atmosphcm  which arc being

l~l:~l~llc(l  fcJjNASA’s} ;arll]O l>scrviI~gSystcll)  [1]. lnaddi(ion,  8- 15~11111;l’ASl\IOLIl(llJC  vcryuscfulin

dc.lcc[ing cold objcc[s  such as ballistic missiles in midcourse (when a 1)0( rockc.t engine is not burning

most of (IK emission peaks arc in the 8-15 pm 11< rc:,ion)  [2]. ‘J’hc GaAs based Quantum Well lnfrarcd

l’llo[oclctcctor (QWII’) [3,4,5] is a potential candidalc  for sucl~ spaceborne and ground  based applications

and it can mccl all of the rccluircmcnfs  mcntimcd  above. for [his spectral region.

l;ig. 1 shows the schematic conduction band dia~ram of a tyJ~ical l)ofiizd-(()-(()ilt;  tlfilii)l QWII’ 16]

which utilizes  l)[)Llll(l-to-coIltillllllIll  intcrsubband  absorption. IIy carcful]y  designing Ihc quantum well

s[ruc[urc, as WCJI  as (I1c Jight couJ~ling to the dc[cctor,  it is possib]c  (O op[imizc  tJ]c ma[cria]  to have an

oJJ[ical  response in [)IC desired spcciraJ range and dc[crminc  (J1c sJJcclraJ  rc.sponsc shape [7]. in QWII’S,

(I1c dark current originates from Ihrcc different mechanisms [8]. As shown in I;ig. 1, tlm dark cmcnt

arising fmm lhc first pmccss  is duc to quantum nlc.chanical  tunneling from well to well through the

AIXGal .XAS bawicrs (scquc.ntial  tunnclin~,).  ‘1’his process is illdcJ~cndcnt  of tcmpcraturc.  Scclucntia]

(unncling  dominates the ciark  cwrrcnl at vc.ry Jow tcmJ~cratmm (=30 K). ‘1’hc second mcchanisnl is

thcrmal]y  assisted tulmcling  which invo]vcs  a thermal excitation and (unncling  through the tiJ) of lhc

I)arricr into the continuum energy levels. ‘J’his  Jmccss  governs the dark c.urrcnt  at mcctium  tcmJJcralurcs.

“J’J]c  third mechanism is cJassical  thcrmionic cmissiol} and it dominalcs the dark current at I}ighcr

tcmpcralurcs  (>55  K  f o r  9  pm cutoff  QWII’S). (:onscqucntly, fo! <] WJJ’S operating at higher
lcmpcraturcs  [k last mechanism is (hc m:ijor somcc of

dark cwrrcn[ [8]. ‘J’hcrcforc,  the I,WIR I;J’A we have

discussed here in detail consisted of boMnd-  to-

qiic/,sil}c)I/IIdQWll’s  [9]. ”J’l~cadvaI~tagc  oftllct>ollI~(l-t(~-

(Juasibound  QWIP over the bolllld-to-col~til~tlll]~l  QWIJ’

[9] is lllat in the case of a l~olllld-(o-qllasil~ollll[l  QWlf’

tllc mcrgy  barrier for thcrmionic cmissicm is (hc same as

it is for JJl~(~[c)iO1~i~,atiO1~”  as sJmwn in };ig. 2. Jn [he. case of

t h e  l)(~llll[l-to-collti  ll~l~llll  QWIP shown in l;ig. 2 (hc I u“dark current” “
rncchanisms

energy barrier for the thcrmicmic  emission is about  6
position

mcV less than the lJl~(~tc~iol]i7.atioIl  cncr~y.  “1’1)11s,  the dark Fig, 1 Scho  tmtic  di{lgtrtttt  of (he  cmuii[ctiot)  I)atd itl
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‘]’k dCViCC  StlllCtHrC COJISiStS Of 50 pC1’iOdS,  CaCh

period containing a 45 ~ WC]] of GaAs (doped n =. 4x1017 ,.8

cm-3) and a 500 ~ barrier of AIO,~GaO.~As, sandwicllc.d  ~

bclwccm 0.5 pm GaAs top and bottom contact ]aycrs Y ‘0’ ‘
~
m

doped n = 5x 10~7 CJU’3,  growJl on a semi-insulating GaAs ~ ,(,,0
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pJn thick GaAs cap Iaycr on top of’ a 300 ~ Al~~Ga07As ‘0 ” ~ / { ~ ~” “ ~-’ ~
QWIP

BIAS  VOiTAC3F  (-VI

stcpctch  Iaycr was grown in .Yi!14 on top of tbc dcvicc
F’ig. 2 Compf7risoll  of dark currcttt.s  of boutd-{o-

stJuclurc to fabricate the light  coupling optical caviiy. cmtiti[iutlt  awl lIOUIM1- to-quasihctumf  l,WIR QWI1’S

‘J’hc MB]{ grown QWII) stmcturc was proccsscd inlo 200 {].V 0 ft{ticliotl of bitts ~dlogc  at letnperott(re  7‘:= 70
K. lh(fl were lakon  i~’i(lt  d ?00 pm diota test

pm diameter mesa Icst slruc(urcs  (area= 3.14 x 10-4 cJ#) slruclure  atd nortmlized  to 28.X-26’ ~U112 pixel.

using WC( chemical c(ching$  and Au/CIc ohmic contacts
.

WCJ”C. CVaIX)I’atCd oJlto lhc top and botlom  Colllact  ]aycrs. ‘]’hc dark Currcn(-vo](agc  cllrvcs of the QWl})

were Jncastlrcd as a function of tcmpcraturc from ‘1’ = 30-90  K and Ihc ‘]’ = 70 K cm”vc is slJown in ~;ig.  2.

with Ihc dark current-vol[agc curve of a 8.5 pJn peak t>ot])ld-(()-co]  lli]llltl]ll  QWlf). 3’hc virtual cxcitcd

ICVC1 of this l~(JL1lld-to-collti  l~~llll~~  QWIP is 6 ]ncV above (Ilc AI XCial.XAs  barrier. ‘1’llcorctic.ally  this

should  give a factor of 3 higher dark current and it closely agrees wilh tbc cxpcrimcnta]  value of a factor

of 4 higher dark cmmt at bias V~l = -2V.

‘1’hc rcsponsivit  y spectra of tbcsc clctcctors were mcasm-cct  using a 1000 K b]ackbocty source and

a grating  ]~lolloctlrolllator.  “1’hc abso]utc  peak rcsponsivi{ies  (Rl)) of the dclcctors were measured using a

calibratcxt  blackbocty  source. ‘1’hc ctc[cctors  were back illuminated through a 45° polished faccl [7].

l;igurc 3 shows typical photorcsponsc  curves of loJlg wavclcngih t>olll~(l-to-collti]  ltl~l]l),  and t>ound-to-

{]lJaSibOLIJld  tCSt QWIPS a[ tCJllJJCJ”atlJJ’C  ‘1’ =: 77 K. ‘]’hc abso] J)ti OJl al}d @lOtOrCSl)OnSC CUIVCS Of the

t~ol]ll(l-t(~-cc~llti  tl[llllll  QW1 1’s arc much broadc.r than (I1OSC of h l>olllld-to-[llla  sil~olllld  QWII%. ‘1’his is

bccausc. the first cxcitcd  state, being in the continuum,  is broa(icr in tbc former than in tbc lat(cr. ‘1’hc

rcsponsivily  of tbc dCtCClOJ’ peaks a( 8.5 pJn and tbc peak rcsponsivity  (]+) of the dclcctol” is ~()() mA/W
a( bias Vl~ = -3 V. 3’hc spectral widlh and lhc cutoff wavclcn~th  arc Ah / L = 10% and kc =: 8.9 pm

rcspcctivc]  y. ‘1’hc measured absolute pc.ak  rc.spomivil  y of tbc detector is small up to about  Vll = -0,5 V.

IIcyond  that it incrcascs ncar]y lincar]y  with bias reaching Rp =- 380 mAAV at V]] = -5 V. ‘1’his (ypc of

behavior of rcsponsivity versus bias is typical for a t~ollllcl-to-(]  llasibo~llld  QWIP. ‘1’hc peak quantum



efficiency was 15.9% at bias V]] =. -1 V (Iowcr quantum 1.2 -.. ~____ .=._ . . . . . ._-T .,.=–.  .—.-,----

efficiency is duc 10 the lower well doping  density) for a 1.0
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spectrum ana]yzcr and IIW photomnduc(ivc  gain g was #
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// \
cxlmrimcnlally  dctcrmincd using [ 10] g = i: / 4c1j11~ + ~ 04 / ‘BOUNWTO.
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1 /2N, where ]] is (hc mcasurclncnl bandwidth and N is
OUASIBOUND \ \
C2WIP

0.2
\
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thc number of quantum WC]]S.  ‘]’hc photoconductivc gain
x.

of Ihc dctcclor rcachcct 0.98 al VII =-5 V. Since the gain 0,0 ‘ .1
7 8 9 10

of QWJI> is invcrsc]y  proportional 10 Ihc number of WAVELENGTH ( pm)

quantum WCIIS N, the bcttm comparison WOUIC1 bc (hc }’fg. .3 ~~~picnl  plmtorespcwse  cNnv.v of bmmd-  to-

cottlitlu[ittt  owl l)oldt([l-tc)-q{  to.~ii)ol~lid QW1/’.T  fit
WC]] captmc probability pc, which is clircdly rdatcd to ~C,),,)Cr(,[,,tC ~ = 77 ~,

the gain [ 1 I ] by g = l/NpC. ‘1’hc calcu]akd  WC]] capture

probabilities arc 25% at low bias (i.e., V]l = -1 V) and 2%
,~l?

[

~_-_m ~—”-----” T—--3
lC = 8.9pm

al high bias (i.e., V}) = -5 V) which together indicate the _

Cxccllcnt  hot-electron transport in this ckvicc structmc. ,!

‘1’hc pc.ak dc{cctivity  i s  def ined as  II;, = RJ, ~All / i,, , ~,

wl)crc  l<p is lIIC peak rcsponsivity,  A is the arc.a of (IK >b , . 1 1

dclcctor  and A = 3. 14x 10-0 cm2. ‘J’hc measured peak
t
~
t p

Ctctcc(ivily  at bjas VI; = -3.2 V and tcmpcratllrc ‘1’ = 70 K ~
k

js 2.3x 10 I I cn)~l Iz,AV. ‘1’hc bias dcpcnctcnt  dctcc(jvit  y of n

the detector js shown in I;ig. 4. These detectors show
1010 l.~.. -.. .._~LJ

background limited performance (B] .11’) at bias Vl; = -2 V o 1 2 3 4 5 6

and Imnpcraturc  ‘1’ = 72 K for 300 K background with f/2
BIAS VOLT AGE (-V)

I’ig.  4 Iktcclitlity  as o ftimtiott  of bias  wdlcige  01
op[ics. tcttyeraturcs  1’=-  70 QJKI  77 K.

I.IGJI”J’ COLJJ’1/l  NG

wells, [k jncon]ing  light should lla\’c anin order [o bc absorbed by the electrons in the quantum

electric ficlct component in the quantum well dircclion,  i .c., in the grow{h cljrcction,  normal to the layers.

~n]y  in this situation is the c]cclric field of the lighl coup]cd  to lhc quanti~cd  c]cchm  Jnomcnttm,

enabling a photon to cxcitc  an electron and get absorbed in the process. 1.igh[ bcjng  a transverse wave

(wbosc. electric ficl(t is pcrpcndicu]ar to the direction of travc.t), this sctcciion ru]c means that light

’10 K -

7/ K “.
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striking [hc layers normally (the mosl direct way [0 illumina(c an imaging array of dctcclors) is not

absorbed. If [k light is sent through hc lbin (- 500 pm) dgc of the detector j{ can bc absotbcd since jt

now has a componcni of its clcc(ric field in the corrccl direction. ‘1’hc edge is smmtimcs  given a 45°

wedge and the incident ligh[ focused normally OD the polisbcd edge. facet [7]. Hoth  schcJncs result in

incidcnl light  being pipcct  late.rally tbmugh the dctcc.tor. ‘1’bis  clcar]y limits tbc configuration of

dc.tcctors  to linear arrays and single clcmcnts. lior imaging, jt js nccmsary  to be able (o coupk light

uniformly to two-dimensional arrays of detectors. An elegant way to couple normally incidcn(  ligb( to

an jmagjng  array of QWII)S  is to usc a grating to bend some of the light jnsictc the ctctcctors.

This is accomplished by put[ing a special reflector on the detector top and illuminating tbc

detector from tbc back. If tbc. rcfkc.tor js a smooth mirror, jt is USCICSS: the normally jncidcnt  light

passes tbrougb tbc detector, strikes tbc mirror, and is rcflcctcd straight back out of the back side with

none of tbc light being absmbccl by tbc conlincd  electrons. ‘1’o bc usc.fu], the mirror has to bc rou@ (cm

the scale of the wavclcng(h  of the light in tbc detector’s GaAs material). This rougbncss may bc cjthcr

pcrjdic or random (I;ig. 5). A rough mirror sca[[crs or sprays the incjdcnt  light back in a cone (i.e., tbc

roughness ensures that the ang]c of rcflcctjcm  no ]ongcr  equals tbc ang]c of incidcncc). ‘1’hc dc(ails of

tbc cone depend on the details of the rougbncss. l’his cone now strikes [hc bottom side. ‘1’hose rays that

arc wjthin  a crjtical  angle of [k normal (17° for the GaAs-air intcrfacc) refract or cscapc  back inlo the

air. “1’hc rest suffer total intcmal reflection with tbc back surface ac(ing as a smooth  mirror. ‘J’hc

intcrl~all  y rcflcctcci  rays arc once again rcflcctcd off the top rough mirror. What happens Jlcx[ depends

on whctbcr the mugbncss of tbc top mirror is periodic or random. If it js periodic, the top nlirroJ will

scatter or bcnct  tbcsc rays so that they arc all norlna] to tbc quantum WC]] layers again. ‘1’hcsc rays pass

through tbc detector and out of the back side. A randomly  roughened mirror, on tbc other hand,  will

random]y reflect or scatter a]] the rays internally rcflcctcd cm to it from the bot(om side. c.acb  time,

thereby allowjng tbc incjclcnt  Ii ght to bounce back and forlh bet wccn the. dcte.c.tor  top and back surfaces

several times. only light within a 17° (frol~l  mmnal) cone. cscapcs out of the back side. (;lcvcr ckxign

can rcctuccr  tl]c amount  of light in tbc cscapc  coJIc but cannot eliminate it altogctbcr.  J ‘or instance, jf the

random rc.fIcctor  is ctcsigncd with Iwo levels of rough  surfaces having the same areas bul locate.d a

quarlcr wavelength (~~aAs/4) apar(, the IJOIVtlall)~  rcf]cctcd li#lt jntcnsities from {hc top and bottoJn

surfaces of tbc reflector arc ccJual  and 180° out of phase. ‘1’his nlaxinli7,cs Ihc dcstrmtivc  jntcrfcrcnce at

normal reflection and lowers light leakage through tbc cscapc  cone.



random reflector

individual
pixel

A

IncJdont  radiation

U
Oc

l:ig. .5 {(i) Schcttla{ic side j~icb~’ of o lhit) Q W]]’ ihcl with d t-aldottj  tejleclot.
ideally  0/1 the rdialim is lropped cxmp[ for {i small  frorlim }dliclt  esrapc

th mqh  Ihc c.vcapc  cme (defitld by critical atlgie  Qc),  (b) Ratdom  rc~eclots  ml

pi.rcls  itl a focol pkwe army.

On each pass thmI@ tllc

CJctmior  fo l lowing (hc first

rcflcx(ion  o f f  lhc t o p  rough

mirror, s o m e  o f  (hc light is

absotbc.d  b y the confined

electrons since most of lhc light

rays now have an clcctlic fic]d

Component in lhc corrccl

ctircclicm (normal to the quantum

well layers). A periodically

roughcncct  mirror thus yields Iwo

uscfu]  p a s s e s ;  a  random]y

roughened mirror offers sc\’cral.

(hlc measure of the resulting efficiency of tbc detector in absorbing photons is its rcsponsivity  (the

photocm cnt for a given incident p}mton  flux). LJndcr idcntica]  conditions, a top reflector wi(h onc-

dimcnsiona]  periodic rcmghncss will give a QWII’ about  the same rcspmsivily  that it would  have if

illuminated through a 45° edge fac.cl; both tbc rcflc.ctor with Iwo-dimcllsional  periodic roughness as WC]]

as the random reflector will approximatc]y double. (his rcsponsivity. Squeezing the maximum ]igh(

trapping abi]ily from the reflector requires imrcasillg  the dctcclor aspccl ratio, i.e., the. ratio of dclcctor

diameter to height, a design fealurc accomplished by thinning tl]c - 500 pm [hick GaAs subslratc  on top

of wl)ich the dc,tcc(or material is grown, to about  XCIO. ‘1’lIc  resulting optical cavity is calculated and

mcasurc(J to improve the rcspomivity  of a QWIP with a random rdlcc.tor significantly over the 45” case

[ 1 1]. ‘1’binning enhances the rcspcmsivitics  of the QWI}% with 1 D and 211 pcrioclical]y  rough  reflectors

to bc. respcc.tivc]y  about 2 and 4 limes bctlcr than lhc 45° case. “1’hc random reflector is fabricated on the

QWI 1% using  stanclard ~>l)otolill~ogra~~l)y  and UIIPI’2 sclcctivc dry  ctcbing. “1’hc a(Jvantagc  o f  t h e

j~]]c)[()]i(l]ogia]>llic  process over a complc[c]y  ran(JoIll process is the ability to accuratc]y  ccm(rol  fca.turc

si Y,C and prcscrvc tbc pi xcl-to-pixc]  uniforjni  [ y ncccssary  for vc.ry sensitive imaging focal ])lanc arrays.

IMAGING ARRAYS

The in]a~ing  arrays were fabricated as folJows. Allcr the random reflector array was defined by

lithography and dry etching, the photocondmtivc  QWII}S of lhc 25(ix25(i pixel ITAs were. fabricate.d by

wet chemical etching of trcnchcs  (to isolate cac.h QWIP pixc] from its neighbors) through the

photosensitive GaAs/AIXGaj .XAS l~~lllti-(ltlal~t~llll  \vcll  ]aycrs into the 0.5 pm thick doped GaAs botton]

contact layer. ‘1’hc pitch of the ITA is 38 pin; the actual pixc] si~c is 28 pm x 28 pm. “J’hc random

6



l’CfjCCtOI”S 011  thC tO]X Of[hC dCtCCIOIS  WC3’C tkll  CO\’CIC(t

with Au/(~c and Au for Ohmic contact and rcflcc(ion.

IJigurc 6 shows a picture of twenty-five 256x256 pixel

QW1l) l;l}As on a ~-inch GaAs wafer, pmcluccd  by tbc JCI

l’repulsion laboratory. lndium  bUlllI)S WCIC tllcn

e v a p o r a t e d  o n  (be. t o p s  of lbc dctc.ctors  for Si rcactou~

circuit  (I{CX) hybrid  iz,aticm. A sing]c  QWII) l~PA w a s

clmscn and bybridi~,cd  or mated (via an imtium buny>-

bonding pmccss  as shown in l:ig. 7) to a matching,

256x256 pixc] CMOS mul(iplcxcr (Amber AI{- 166), and

biascct  at VIJ = -1 V.

At tcmpcraturcs below 72 K, the signal-to-mist

ratio of tbc systcm  is limited by array ~]o~~-lll~iforll~it~~,

multiplexer readout noise, and photo current (photon

flux) misc. At tcmpcraturm  above 72 K, temporal

noise duc to tbc QWIP’S higher dark CWrrcnl bccoJIIcs

(hc limitation. The ITA was l>ack-ill~ll~~il~atcd  tbrougb

the flat tbinncd  substralc membrane (Ihickncss  = 1300

~). ‘Jllc measured mean NIIA1’ of the lil)A with no lc.ns

was 26 n~K at an operating tcmpcraturc  of ‘1’ = 70 K and

bias V]] = -1 V, for a 300 K background. This initial

array gave cxccllcnt images with 99.98% of tbc pixc]s

working (number of ctcad  pixc]s =

tbc high yiclct  of GaAs tcchno]ogy.

10), demonstrating

i’ig. 6 ~iVCt}f)}@P 256.x256 QWl}’focd pku)e

S( SIQM
Debcto(  S“btr.te
Ac(tie  Lays,

Inrh.  mm  Bump

(=V ~
L–

CMOS  Cl,cuhry O,,* ~’

)
Ind, um  Bump

Sllkon  SUMM4  -

“---..--’”
Iig. 7 Cross secfirm Of 2S6.X256 QWI}’ TI’}’A awl silicon
CMOS multiplexer hybrid.

JIAND-HIH.1) CAMILRA

A 256x256 QW1 J’ l:l’A hybrid was mountc.d on 10 a 450 n~W integral Sterling C1OSMI-C yc.lc

coo]cr assc.lnbly  (shown in l;ig. 8) and instal]cd into an Amber RAlll AN~l; 1 ~’~~ camera-body, to

demonstrate a hand-held 1.WIR camera (shown in l~ig. 9). ‘l”hc camera is cquippccl with a 32.-bit  floa{ing-

point digital signal  processor combined with multi-tasking software, providing tbc speed and power to

cxcc.utc  cmnp]cx  image-processing and analysis functions inside tbc camera body itself. The other

clcmcnt  of lhc camera is a 100 mm focal ]cngth gc.rmanium  lens, with a 5.5 dcgrc.c.  fic.ld of view, It is

cicsigncd to bc transparc.nt  in tbc &12 pm wavclcngtb range, to bc compatible with tbc <) WII”S 8.5 pm



operation. 'l`llc(ligital  accltlisilioll  lcsoltltiollo  ftlldcalllcra

is 12-bits. 11s nominal power consumption is IC.SS than

50 Wa[[s.

‘1’hc mcasurcct  mean NliA’1’ of the QWII) camera is

40 n~K (tbc bighcr  NllA’1’  is duc to the lens asscmb]y

cut(ing  lhc light  transmission by 35%) at an operating

[cmpcratarc of T = 70 K and bias V];= -1.5 V, for a 300 K

background. ‘1’he. peak cluanlum efficiency of tbc )~1’A is

~%, corrcsponcting to an  average  of 3 passes of 11<

radiation Ibmugh tbc photosensitive Tlllll[i-(ltlalltlllll  well

region. ‘1’hc low c]uanlum efficiency can bc partly

at[ribu(cd to the fact that tbc substrate reflects 3(IYo  of Ihc

light siriking  il; and the fact Ihal the array has a 65% fill

factor, i.e., the detectors cover only 65% of (1)c array

surf:icc, with tbc remaining 35% being tbc. dead space

bet wc.cn  dckct  ors. ‘1’hc uncorrcclut  pbolocurrcnt  ncm-

unilormity  (which inc]udcs a 1 % Jloll-tlllifor”lllily  of [k

I<OC~  and a 1 .4% non-uniformity duc to the cold-stop in

fl’on[ of t]lc ] U)A Jlot yic]ding  t]lc. Salnc  flC]d of View to a]]

(1IC pixels) of tbc 65,536 pixels of the 256x256 } WA is

about 6.8% (= signm/mean). ‘]’hc non-uniformity after

two-poinl  (17° and 27° ~clsius)  correction inqwovcs  [o an

impressive 0.05%. As mentioned earlier, this high yic.ld is

ciuc to the cxccllcnt  GaAs growth uniformity and the

mat urc GaAs proccssi  ng tccbno]ogy.

Video images were taken at a frame rate of 601 IZ at (c.mpc.ra{urcs  as high as “1’ = 70 K, using a

RU; capacitor having a charge capacity of 9X10~ clcclrons (tllc I]laxinlunl  number of plloloclcctrons

and dark  electrons that can bc counted in tbc time (akcn to read each detector pixc]).  l~igurc  10 (a)

shows onc frame of a video i]nagc taken with a 9 }(m cutoff 256x2,56 QWlf) camera. ‘l”IIc  two tiny dark

squares on the glasses are reflections of the cold IJI>A of (bc came.ra, i.e., tbc QWIP I/PA is imaging

itsc.lf in the inftarcct mirror that each frame of the lnan’s glasses consti[atcs! l;igttrc  1 O(b) shows an

absorption image of acetone fames (acctonc has a strong II< absorj~lion  at 8.8 pm) taken with (1]c same

camera. “1’hcsc  images demonstrate the high sensitivity of [hc 256x256 QWJ 1) staring array camera.



a

l’ig. IO. Scltenmiie  diogtntll of thr mtdmliott htd itr n bol{td-fo-
colj(it~ldlltj~ ~ wit’  it) at) externally applied clcctricjcld. A hsoqtt im of

IR plmtms cm phOtOcxcitc  clccltvtt,~ frmn the ,qrmtd state Of the
q1447111141)1 well info l})c c4tttlitl14t4m, camitlg  4i ph4t14ic14rrcttl.  IIlrce  dark

cwrent  mechwi.wns  are 421s0  shawl:  gr4x4td  .W471C  t14tme[itlg  (l);

lhertnolly  msistcd  l14tmelitlg  (2); ad lllcrmionic cmissim  (.?).

S[JMMARY

I?xccptionally  rapid pmgrcss  has

been made in lhc dcvclopmcnt  of long

wavelength QWIPS, since they were first

expcrimcntal]y  dcmonslratcct  s e v e r a l

years ago. 1[ is now possible for QWII’S

10 achicvc cxccllcnl  performance (e.g.,

dctcctivitics  as  h igh  as  I)* - Ix101 I

cmdl lY,AV at 70 K for a 9 pm QWIP) and

bc fabricatcct  into large inexpensive low-

noisc imaging arrays. A 70 K operating tcmpcraturc  can bc easily achicvccl  by single.-slagc  Stirling

cyck  coo]crs,  which allows us to dcnmns[ratc tk first hand-hc]d  2.56x256 1 TA 1,WIR camera based OJI

QWII)S. Weighing about  tcn pounds, the QWIP RAIJIAN~l;  1 camera is cntirc]y  self-con(aincd, with

no extra boxes for control, cooling, or image processing. 1{s sharp, incxpe.nsivc,  large, uniform, ini’rarcd

cyc (which can bc tailored to scc a particular 1 R wavelength) Inakcs the <)WI f’ hand-ldd  camc~a the

bcsl and fhc most cost-cffcc[ivc  ncw tool for imaging and spmtroscoJ>y  in the intere.s[ing  8-14 pm

wavclcng(h  range..
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